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(54) METHOD AND SYSTEM FOR CDMA MOBILE RADIO COMMUNICATION 



(57) A method and system for CDMA mobile radio 
communication by which the autonomous decentralized 
control of radio channel assignment, synchronous con- 
trol for the smooth establishment/switching, and VOX 
control for increasing the capacity can be realized. In 
either the base station or the mobile station, one of pre- 
scribed short spreading codes is selected, and the fre- 
quency band of an information sequence to be 
transmitted is spread by using the selected short spread- 
ing code and prescribed long spreading codes and then 
transmitted. In the other station, the received information 
sequence is reproduced by compressing the spread fre- 
quency band, using the selected short spreading code 
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and prescribed long diffusion codes. Before handing 
over the information sequence, information to be handed 
over from a base station to a mobile station and informa- 
tion to be handed over from the mobile station to another 
base station are spread using both long and short 
spreading codes. The informations received by the base 
and mobile stations are combined synchronously. In at 
least either of the base and mobile stations, the VOX con- 
trol of the transmission frames transmitted through a 
radio channel is performed. The offsets with respect to 
the transmission timings are assigned to the respective 
channels at random and transmitted. 
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Description 
TECHNICAL FIELD 

The present invention relates to a method and a sys- 
tem for making a mobile communication in a CDMA 
(Code Division Multiple Access) scheme between 
mobile stations and base stations. 

BACKGROUND ART 

In a mobile communication, in order to utilize radio 
channels effectively, the identical radio channel is 
repeated utilized at base stations which are sufficiently 
distanced spatially. In such a case, in order to prevent a 
mutual interference of that identical radio channel, there 
are a fixed channel allocation scheme in which a radio 
propagation state within a service area is conjectured by 
an actual measurement, a theoretical calculation, etc., 
and a radio channel is fixedly provided at each base sta- 
tion, and a dynamic channel allocation scheme in which 
a radio channel that is available in a system as a whole 
is made available at any base station. 

In the fixed channel allocation scheme, even when 
a radio channel which is allocated to a neighboring base 
station is available at an own base station, it is impossible 
to allocate that radio channel to a new radio channel allo- 
cation request within the own base station, so that a radio 
channel utilization efficiency is insufficient in that regard, 
and a considerable amount of efforts are required for a 
redesigning in a case of additionally providing a base 
station, etc., so that the adaptivity to a system expansion 
is low. 

On the other hand, in the dynamic channel allocation 
scheme, it is possible to allocate the radio channel flex- 
ibly to some extent with respect to the temporal variation, 
the spatial bias. etc. of the traffic, and it is possible to 
suppress a call loss rate or an interference obstruction 
probability to be minimum. 

However, in a conventional dynamic channel alloca- 
tion scheme, a centralized control of allocations of the 
radio channels to the base stations at a control station is 
used, so that in order to suppress the call loss rate or the 
interference obstruction probability to be minimum, it 
requires an enormous amount of data and a complicated 
control, and there has been a drawback that the traffic of 
the signals between each base station and the control 
station increases. 

Also, presently, as an automobile telephone or port- 
able telephone system, a mobile communication system 
for making communications by a communication scheme 
such as a CDMA mobile communication scheme 
between mobile stations and base stations is consid- 
ered. 

Such a mobile communication system using the 
CDMA mobile communication scheme is equipped with 
base stations provided in cells constituting an area in 
which communications are possible, and mobile sta- 
tions, and at a time of starting a communication between 



a mobile station and a base station or carrying out a 
channel switching, etc., after a frequency to be used in 
a communication and a spread code in the CDMA 
scheme are determined by using an upward control 
5 channel, a downward control channel, etc., between a 
mobile station and a base station, a communication is 
made by establishing a synchronization of an upward 
communication channel and a downward communica- 
tion channel between a mobile station and a base sta- 
re tion. 

The base station is equipped with an antenna for 
making transmission and reception of radio link signals, 
a common amplifier circuit for amplifying the radio link 
signals to be transmitted or received through this 

75 antenna, a plurality of transceiver circuits for carrying out 
a radio link signal transmission and reception processing 
through this common amplifier circuit and a processing 
for communicating with an exchanger side through each 
wire link, and a base station control circuit for controlling 

20 transmission and reception operation of each of these 
transceiver circuits. 

At a time of starting a communication with a mobile 
station or carrying out a channel switching, etc.. after a 
frequency to be used in a communication and a spread 

25 code in the CDMA scheme are determined by using an 
upward control channel, a downward control channel, 
etc., between a mobile station and a base station, this 
base station makes a communication with said mobile 
station by establishing a synchronization of an upward 

30 communication channel and a downward communica- 
tion channel between said mobile station and itself. 

Also, the mobile station is equipped with an antenna 
for making transmission and reception of radio link sig- 
nals, an amplifier circuit for amplifying the radio link sig- 

35 nals to be transmitted or received through this antenna, 
a transceiver circuit for carrying out a radio link signal 
transmission and reception processing through this 
amplifier circuit, an input/output circuit having a micro- 
phone, a loudspeaker, etc., for carrying out input/output 

40 of speeches, an operation circuit having man-machine 
interfaces such as a dial buttons, a display, etc., and a 
mobile station control circuit for controlling said transmis- 
sion and reception circuit according to operation con- 
tents of this operation circuit. 

45 At a time of starting a communication with a base 
station or carrying out a channel switching, etc.. after the 
data indicating the frequency and the spread code trans- 
mitted from said base station by using the upward control 
channel, the downward control channel, etc., is received 

so and this is stored, this mobile station makes a commu- 
nication with said base station by establishing a synchro- 
nization between said base station and itself for the 
upward communication channel and the downward com- 
munication channel. 

55 In this case, as a procedure for switching the com- 
munication channel, the procedure described in the fol- 
lowing is used. 

First, while a communication is made by using one 
channel between the mobile station and the base station. 
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correlators, a new communication link with the second 
base station is established while maintaining the com- 
munication with the first base station. 

However, in such a mobile communication system 
using a conventional CDMA mobile communication 5 
scheme, in addition to the above described problem that 
it takes too much time for a synchronization for the pur- 
pose of the communication channel establishment, there 
has been a problem that the synchronized capturing is 
nearly impossible in a case the handover source base 10 
station and the handover target base station are out of 
synchronization. 

For this reason, there has been such problems that 
the communication is disconnected as the handover tar- 
get base station fails to make a synchronization captur- is 
ing at a time of the handover, or even if it succeeds to 
make a synchronization capturing, rt takes too much time 
until the synchronization establishment, so that the 
smooth handover cannot be made, etc. 

Also, conventionally, in order to reduce a transmis- 20 
sion power of a transmitter and an interference given to 
the other, there is a control called VOX (Voice Operation 
Transmitting) in which a transmission is made only at 
times in which there are data to be transmitted, and a 
transmission is not made at other times. Here, the VOX 25 
is usually a control for turning a transmission ON/OFF 
according to presence/absence of speeches, but in the 
present application . it is treated in a wider sense as that 
which includes a transmission ON/OFF control accord- 
ing to presence/absence of not just speeches but also 30 
data to be transmitted. 

In the VOX control, it is basic not to make a trans- 
mission at times in which there is no data to be transmit- 
ted, but in an actual implementation, it is not possible not 
to transmit an entire frame without data. For example, in 35 
an exemplary radio frame configuration shown in Fig. 3, 
PR is a preamble for a clock reproduction at a time of 
reception, SW is a synchronization word for a frame syn- 
chronization, INFO is data to be transmitted. Here, when 
it is attempted to make a synchronization from a state ao 
which is totally out of synchronization, several tens bits 
are necessary for the preamble, and assuming that one 
frame is at most 200 to 300 bits, rt is inefficient to provide 
several tens bits of the preamble which carries no data 
in each frame, and also, if it is in a state in which a syn- as 
chronization has already been made to some extent, it 
suffices for the preamble to have 1 to 2 bits as "rt only 
confirms or maintains the clock synchronization, so that 
the usual frame after the channel establishment is made 
to have the preamble in a less number of bits. However, so 
in such a configuration, if a control for not transmitting an 
entire frame when there is no data to be transmitted is 
carried out, it becomes impossible to make a communi- 
cation as it becomes out of synchronization. For this rea- 
son, conventionally, in order to maintain the ss 
synchronization, a method for not transmitting data por- 
tion alone and transmitting the other portion has been 
adopted. 



On the other hand, in the CDMA mobile communi- 
cation scheme, a communication is made by separating 
and multiplexing a plurality of channels by the spread 
codes in one frequency, so that if there is a transmitter 
which is transmitting in overlap with the own transmission 
signals, it is going to be the interference. Whether it can 
be received by a receiver depends on a ratio of the own 
station signals and the interference, and a possibility for 
successful reception becomes greater when the ratio is 
larger, i.e., when the interference is smaller. Also, with 
the configuration in which the interference is as small as 
possible, it is possible to make a number of simultaneous 
communication channels large, and therefore it is possi- 
ble to make a system with a large subscriber capacity. 

Here, while a plurality of radio channels are estab- 
lished as shown in Fig. 4, when the VOX control is carried 
out. the radio channels are mutually synchronized within 
one base station, so that the average transmission power 
can be made smaller by the VOX control, but the syn- 
chronization word portions overlap with each other and 
the reception quality for the synchronization word por- 
tions will be lowered. In other words, even when the inter- 
ference given to the other is made smaller by turning the 
transmission OFF for the data portion on purpose, the 
capacity is determined by the synchronization word sec- 
tion, and there has been a drawback that the capacity 
increase cannot be achieved even when the VOX is 
used. 

DISCLOSURE OF THE INVENTION 

The object of the present invention is to provide 
CDMA mobile communication method and system in 
which no control station is required in adynamic channel 
allocation scheme, a radio channel is autonomously allo- 
cated by an own base station alone, and in addition, a 
calf toss rate and an interference obstruction probability 
are small. 

Also, another object of the present invention is to 
provide CDMA mobile communication method and sys- 
tem capable of making a phase of the spread code 
obtained at a code generation circuit coinciding with a 
phase of the spread code modulating the received sig- 
nals in short time, even when each spread code 
becomes long, and by means of this, carrying out the 
establishment and the switching of the communication 
channels smoothly while drastically increasing a number 
of communication channels between the mobile stations 
and the base stations. 

Also, another object of the present invention is to 
provide CDMA mobile communication method and sys- 
tem capable of making a phase of the spread code 
obtained at a code generation circuit coinciding with a 
phase of the spread code modulating the received sig- 
nals in short time, even when each spread code 
becomes long, and by means of this, carrying out the 
switching of the communication channels at a time of the 
handover smoothly while drastically increasing a number 
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of communication channels between the mobile stations 
and the base stations. 

Also, another object of the present invention is to 
provide CDMA mobile communication method and sys- 
tem capable of constructing a system with a large capac- 5 
ity by utilizing a reduction of an amount of interference 
in a case of carrying out the VOX control for a system 
capacity increase. 

According to one aspect of the present invention, 
there is provided a CDMA mobile communication w 
method in a CDMA mobile communication system 
formed by a plurality of base stations and at least one 
mobile station which communicate in a CDMA scheme 
through radio channels, comprising: a step of selecting 
one of a plurality of prescribed short spread codes, and is 
transmitting by spreading data sequence to be transmit- 
ted by using the selected short spread code and a pre- 
scribed long spread code with a code length longer than 
said short spread code, at either one station of each base 
station and the mobile station; and a step of receiving 20 
the data sequence from said either one station, and 
reproducing the data sequence before spreading by 
despreading the received data sequence by using said 
selected short spread code and said prescribed long 
spread code, at another one station of each base station 25 
and the mobile station. 

Also, according to another aspect of the present 
invention, there is provided a CDMA mobile communica- 
tion method in a CDMA mobile communication system 
formed by a plurality of base stations and at least one 30 
mobile station which communicate in a CDMA scheme 
through radio channels, comprising: a step of communi- 
cating by spreading each one of data to be communi- 
cated between a handover source base station and the 
mobije station and data to be communicated between a 35 
handover target base station and said mobile station by 
using both a long spread code and a short spread code; 
a step of carrying out a handover by composing data 
received from the handover source base station and data 
received from the handover target base station by adjust- 40 
ing timings at said mobile station; and a step of carrying 
out a handover by composing data received from the 
mobile station at a cell of handover source and data 
received from the mobile station at a cell of handover tar- 
get by adjusting timings at each base station or an upper 45 
level device connected to that base station. 

Also, according to another aspect of the present 
invention, there is provided a CDMA mobile communica- 
tion method in a CDMA mobile communication system 
formed by a plurality of base stations and at least one so 
mobile station which communicate in a CDMA scheme 
through radio channels, comprising: a step of controlling 
transmission frames to be transmitted through at least 
one radio channel such that a transmission of a data por- 
tion is not carried out for a frame without data to be trans- ss 
mitted, in at least one of each base station and the mobile 
station; a step of randomly allocating an offset with 
respect to a transmission timing for each channel from a 
plurality of prescribed offset amounts; and a step of 




WA1 8 

transmitting said transmission frames through each 
channel at a transmission timing with the offset allocated 
by said step of allocating. 

Also, according to another aspect of the present 
invention, there is provided a CDMA mobile communica- 
tion system formed by a plurality of base stations and at 
least one mobile station which communicate in a CDMA 
scheme through radio channels, in which: either one sta- 
tion of each base station and the mobile station has 
means for selecting one of a plurality of prescribed short 
spread codes, and means for transmitting by spreading 
data sequence to be transmitted by using the selected 
short spread code and a prescribed long spread code 
with a code length longer than said short spread code; 
and another one station of each base station and the 
mobile station has means for receiving by reproducing 
the data sequence before spreading by despreading the 
data sequence from said either one station by using said 
selected short spread code and said prescribed long 
spread code. 

Also, according to another aspect of the present 
invention, there is provided a CDMA mobile communica- 
tion system formed by a plurality of base stations and at 
least one mobile station which communicate in a CDMA 
scheme through radio channels, in which: each base sta- 
tion and the mobile station have means for communicat- 
ing by spreading each one of data to be communicated 
between a handover source base station and the mobile 
station and data to be communicated between a hando- 
ver target base station and said mobile station by using 
both a long spread code and a short spread code; said 
mobile statio further has means for carrying out a hando- 
ver by composing data received from the handover 
source base station and data received from the handover 
target base station by adjusting timings; and said each 
base station or an upper level device connected to that 
base station further has means for carrying out a hando- 
ver by composing data received from the mobile station 
at a cell of handover source and data received from the 
mobile station at a cell of handover target by adjusting 
timings. 

Also, according to another aspect of the present 
invention, there is provided a CDMA mobile communica- 
tion system formed by a plurality of base stations and at 
least one mobile station which communicate in a CDMA 
scheme through radio channels, having: means for con- 
trolling transmission frames to be transmitted through at 
least one radio channel such that a transmission of a 
data portion is not carried out for a frame without data to 
be transmitted, in at least one of each base station and 
the mobile station; and means for transmitting by ran- 
domly allocating an offset with respect to a transmission 
timing for each channel from a plurality of prescribed off- 
set amounts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sequence chart showing a channel switch- 
ing procedure by a conventional CDMA mobile commu- 
nication method. 

Fig. 2 is a sequence chart showing a channel switch- 
ing procedure at a time of the handover by a conventional 
CDMA mobile communication method. 

Fig. 3 is a diagram showing an exemplary configu- 
ration of a radio channel in a conventional mobile com- 
munication method. 

Fig. 4 us a timing chart showing a frame transmis- 
sion state at a time of the VOX control of a plurality of 
channels in a conventional mobile communication 
scheme. 

Fig. 5 is a schematic diagram showing an overall 
configuration of a CDMA mobile communication system 
according to the first embodiment of the present inven- 
tion. 

Fig. 6 is a block diagram showing a configuration of 
a main portion of a base station and a mobile station in 
a CDMA mobile communication system according to the 
first embodiment of the present invention. 

Fig. 7 is a figure showing a table summarizing com- 
mon spread codes and identification spread codes used 
in the CDMA mobile communication system of Fig. 6. 

Fig. 8 is a block diagram showing one modification 
for the configuration of a main portion of a base station 
and a mobile station of Fig. 6. 

Fig. 9 is a block diagram showing a configuration of 
a mobile station in one application of the CDMA mobile 
communication system according to the first embodi- 
ment of the present invention. 

Fig. 10 is a figure showing an exemplary spread 
code configuration for a perch channel used in the CDMA 
mobile communication system according to the second 
and third embodiments of the present invention. 

Fig. 11 is a figure showing an exemplary spread 
code configuration for a downward control channel and 
a downward communication channel used in the CDMA 
mobile communication system according to the second 
and third embodiments of the present invention. 

Fig. 12 is a figure showing an exemplary spread 
code configuration for an upward control channel and an 
upward communication channel used in the CDMA 
mobile communication system according to the second 
and third embodiments of the present invention. 

Figs. 13 A, 13B, and 13C are block diagrams show- 
ing a configuration of a long code generation circuit for 
generating long codes of Figs. 1 1 and 12. 

Fig. 14 is a diagram showing exemplary constituent 
elements of the long code used in downward con- 
trol/communication channels of Fig. 1 1 . 

Fig. 15 is a diagram showing exemplary constituent 
elements of the long code used in an upward control 
channel of Fig. 12. 

Fig. 16 is a diagram showing exemplary constituent 
elements of the long code used in an upward communi- 
cation channel of Fig. 12. 



Fig. 1 7 is a block diagram showing a schematic con- 
figuration of a base station and a mobile station in a 
CDMA mobile communication system according to the 
second embodiment of the present invention. 
5 Fig. 18 is a diagram showing an exemplary frame 

configuration for a perch channel in the CDMA mobile 
communication system of Fig. 17. 

Fig. 1 9 is a sequence chart showing an operation at 
a time of activation of a mobile station and reception of 
10 a downward control channel in the CDMA mobile com- 
munication system of Fig. 1 7. 

Fig. 20 is a sequence chart showing an operation at 
a time of transmission of an upward control channel in 
the CDMA mobile communication system of Fig. 1 7. 
is . Fig. 21 is a sequence chart showing an operation.at 
a time of establishment of transmitting and receiving 
communication channels in the CDMA mobile commu- 
nication system of Fig. 17. 

Fig. 22 is a timing chart showing exemplary timings 
20 since a reception of a perch channel until a transmission 
of an upward control channel at a mobile station in the 
CDMA mobile communication system of Fig. 17. 

Fig. 23 is a timing chart showing an exemplary timing 
for a long code at a time of a downward communication 
25 channel generation at a base station in the CDMA mobile 
communication system of Fig. 17. 

Fig. 24 is a block diagram showing a configuration 
of a base station in a CDMA mobile communication sys- 
tem according to the third embodiment of the present 
30 invention. 

Fig. 25 is a block diagram showing a configuration 
of a mobile station in a CDMA mobile communication 
system according to the third embodiment of the present 
invention. 

35 Fig. 26 is a sequence chart showing a first half of an 
operation at a time of the handover in the CDMA mobile 
communication system of Figs. 24 and 25. 

Fig. 27 is a sequence chart showing a second half 
of an operation at a time of the handover in the CDMA 

40 mobile communication system of Figs. 24 and 25. 

Fig. 28 is a timing chart showing exemplary timings 
for a perch channel frame received and an upward com- 
munication channel frame transmitted at a mobile station 
in the CDMA mobile communication system of Figs. 24 

45 and 25. 

Fig. 29 is a timing chart showing exemplary timings 
for a perch channel frame and a downward communica- 
tion channel frame transmitted at a handover target base 
station in the CDMA mobile communication system of 
so Figs. 24 and 25. 

Fig. 30 is a block diagram showing a configuration 
of a base station in a CDMA mobile communication sys- 
tem according to the fourth embodiment of the present 
invention. 

55 Fig. 31 is a timing chart showing a frame transmis- 
sion state at a time of the VOX control of a plurality of 
channels in the fourth embodiment of the present inven- 
tion. 
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Fig. 32 is a block diagram showing a configuration 
of a mobile station in a CDMA mobile communication 
system according to the fourth embodiment of the 
present invention. 

5 

BEST MODE FOR CARRYING OUT THE INVENTION 

Fig. 5 is that which shows an overall configuration of 
a CDMA mobile communication system according to the 
first embodiment of the present invention, where a serv- ./o 
ice area is divided into a plurality of cells (zones) 1 1 1 to 
1 1 n , base stations 12i to 12 n are provided in respective 
cells 1 1 1 to 11 n , and a communication is made between 
each mobile station 13 moving in these cells and each 
base station 12. is 

Each base station I2j (i = 1, 2, n) and each 

mobile station 13 have a configuration as shown in Fig. 
6. Here, in Fig. 6, only those portions related to the 
essence of the present invention are shown. 

Each base station 12j has a common spread code 20 
generation circuit 1 5 and an identification spread code 
generation circuit 1 6, and the common spread code gen- 
eration circuit 1 5 is capable of selectively generating one 
or more of a plurality of common spread codes C C i to 
C Cm which are common to the base stations 12^0 12 n , 2s 
with respect to one or more of the mobile station 1 3, and 
the identification spread code generation circuit 16 gen- 
erates an identification spread code Cn unique to that 
base station 1 2 f . 

In the following, an exemplary case of generating 30 

each of the common spread codes Cq G = 1 . 2 . m ) 

and the identification spread code C M as Gold sequences 
will be explained. Here, the Gold sequence is generated 
by giving different bit patterns to two shift registers for m 
sequence generation as an initial state, and when the bit 35 
pattern in the initial state of one of these shift registers 
is denoted as x. for the initial state of the other shift reg- 
ister, a pattern which does not coincide with the pattern 
x and which is not entirely "0" is set up as the initial state. 
Here, the Gold sequence generated by the setting pat- *o 
tern x in the initial state as described above will be 
denoted by G(x). 

For example, as shown in Fig. 7, it is made such that 
each base station 1 2j can generate a plurality of identical 
common spread codes C C1 = G(a) to C Cm = G(p). Also, 45 
each base station 12j generates the unique identification 
spread code C (i = G(l*j). As the identification spread code 
C ti . a pattern \\ in which the identifier of the base station 
12j (such as a base station number) for example and a 
predetermined bits are combined is used for the initial so 
state. 

As a concrete example, a bit pattern in which the f irst 
bit to the twenty-sixth bit from top are given by the base 
station identifier l it and the next 14 bits from twenty-sev- 
enth bit to the fortieth bit are given by prescribed bits is 55 
used. Here, without using the identifier lj directly, it may 
be possible to use the bit pattern in which the identifier 
lj is converted according to predetermined rules. Also, lj 
may be used directly as \\ without combining any other 



bits with lj. In essence, by using that which contains what 
is corresponding to the identifier lj of each base station 
I2j as the initial state bit pattern for the identification 
spread code in each base station 12 i( a unique spread 
code is obtained at each base station 12,. 

A total number of the identification spread codes C|j 
is set to be greater than or equal to a total number of 
cells or mobile stations utilized in that CDMA mobile 
communication system. Also, a number m of the com- 
mon spread codes C C1 to C Cm is set to be greater than 
or equal to a total number of radio channels necessary 
at a cell supported by each base station, (n other words, 
a number of bits N in the initial state pattern of the com- 
mon spread code is set such that its number of codes 
2 N +1 becomes greater than m, and at the same time it 
becomes a sufficient number for obtaining a required 
spread gain from a viewpoint of the demodulation of one 
symbol. A number of bits M in the initial state pattern of 
the identification spread code C[j is set such that its 
number of codes 2 M +1 becomes greater than or equal 
to a number n of base stations. Also, in a case of utilizing 
an identifier lj of each base station 12j for the initial state 
of the identification spread code C ( j as described above, 
this number of bits M becomes greater than or equal to 
a number of bits in the identifier of each base station 12j. 
By means of this, in a case a number of bits in the initial 
state pattern of the identification spread code C u is 26. 
a number of codes becomes 2 2 6+-i , and when there are 
as many as these, even when a number of base stations 
12 is large, it is usually possible to give a unique one to 
each base station 12 s . Also, in the present invention, a 
code length of the identification spread code usually 
becomes longer than the common spread code as in the 
above. 

Returning to the explanation of Fig. 6. as in the 
above, at each base station 1 2 jt m pieces of the common 
spread codes C C i to C Cm are generated, and also one 
identification spread code C (i is generated. Then, each 
of the common spread codes C C i to C Cm is selectively 
multiplied with the identification spread code C|j. In Fig. 
6. for a plurality of mobile stations 13. the common 
spread codes C C i to C C m ancJ tne identification spread 
code Cjj are respectively multiplied at multipliers 17 t to 
1 7 m . and the spread codes C t to C m which are their mul- 
tiplication results are respectively multiplied with the 
input data sequences Si to S m for a plurality of mobile 
stations 13 at multipliers (spreaders) 18i to 18^. such 
that each of the data sequences S t to S m is directly 
spread. These spread data sequences are composed at 
an adder 19 and transmitted to the base stations 13. 

Actually, when one of the data sequences St to S m 
is entered, one of the common spread codes C C1 to C Cm 
which is not in use is selected, and this and the identifi- 
cation spread code Cn is multiplied, such that the input 
data sequence is going to be spread by that multiplica- 
tion output sequence, and the control at this time is car- 
ried out by the control unit 21 of each base station 12j. 
Here, the common spread code generation circuit 1 5 and 
the identification spread code generation circuit 16 are 
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mutually set in chip synchronization. Also, the output of 
the adder 1 9 is changed into radio frequency signals and 
irradiated as radio waves by a radio transmitter (not 
shown). 

On the other hand, as shown in Fig. 6, the mobile 5 
station 1 3 has a common spread code generation circuit 
23 and an identification spread code generation circuit 
24, where it is possible to selectively generate one of the 
common spread codes C ct to C Cm from the common 
spread code generation circuit 23, and it is possible to 10 
selectively generate one of the identification spread 
codes Cjj to C (n from the identification spread code gen- 
eration circuit 24. Here, similarly as in a usual procedure, 
the radio channel to be used in a communication 
between the mobile station 13 and the base station 12 i( is 
i.e., one of the spread codes Ci to C m in this case, is 
notified from the base station 1 2j to the mobile station 1 3 
through the control channel. Therefore, according to that 
notified spread code C j( the mobile station 1 3 selectively 
generates the common spread code Cq and the identi- 20 
fication spread code C M according to that base station 
12;, multiplies them at a multiplier 25, and reproduces 
the data sequence by despreading that multiplication 
output sequence with respect to the received spread 
sequence R at a correlator 26, and demodulating it at a 25 
demodulator 28. Here, the received spread sequence R 
is that which is converted into the baseband signals by 
a receiver (not shown). The control of the common 
spread code generation circuit 23 and the identification 
spread code generation circuit 24 is carried out by the 30 
control unit 27, and these generation circuits 23 and 24 
are mutually set in chip synchronization. 

In the above, the spread codes Cj to C m generated 
by each base station 12, become mutually different ones 
as the identification spread code C ti unique to that base 35 
station 1 2j is used, and therefore without considering the 
radio channels (spread codes) in use at the other base 
stations, it is possible to determine the radio channel 
(spread code) in use by this base station 1 2 t itself alone. 

Consequently, according to this first embodiment, it *o 
is made such that the data sequence is spread, or the 
received sequence is despread by the common spread 
code common to these base stations and the identifica- 
tion spread code unique to the base station simultane- 
ously, such that the selection of the radio channel to be 45 
used at the base station can be made in a completefy 
closed manner at the base station, and the so called 
autonomous distributed control is possible, while the 
control lines among the base stations can also be saved, 
so that it is possible to realize a method and a system for so 
a CDMA mobile communication in which no control sta- 
tion is required in the dynamic channel allocation 
scheme, and the radio channel is allocated autono- 
mously by the base station itself alone, and in addition, 
while the call loss rate and the interference obstruction 55 
probability are small. 

Here, as a modification of the above described first 
embodiment, it is also possible to divide data which is 
greater than or equal to a transmission rate capable of 
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being transmitted by one channel into r pieces, and trans- 
mit it by utilizing r channels. In that case, as shown in 
Fig. 8 by giving identical reference numerals to portions 
corresponding to Fig. 6, the data sequence St is divided 
into three data sequences in 1 /3 rate at a division unit 3 1 
of each base station 12j for example, and they are sup- 
plied to the multipliers 18i, 18 2 . and I83 through switch- 
ing switches 32^ 32 2 . and 32 3 . respectively, spread by 
the spread codes C 1( C 2 , and C3. respectively, and trans- 
mitted. 

At the mobile station, the common spread codes 

Cci. C C 2. anc * ^ C3 are 9 enerated * rorn * ne common 
spread code generation circuit 23 according to the noti- 
fied spread codes Ci to C3, and also the identification 
spread code C tj is generated from the identification 
spread code generation circuit 24. Then, these are mul- 
tiplied tog ether at the multipliers 25 1( 25 2 . and 25a to pro- 
duce the spread codes Ci, C 2 , and C3, and the received 
sequence R is despread by using them at the correlators 
26 1( 26 2 . and 2 63, respectively, and demodulated at the 
demodulators 28 1( 28 2 , and 28 3 . Then, their outputs are 
composed into a sequence in three times faster rate at 
the composition unit 33 of the mobile station 1 3. to obtain 
the original high speed data sequence. 

Even in a case of making a high rate data transmis- 
sion using a plurality of channels in this manner, by set- 
ting the identification spread code to be identical, it 
becomes possible to use a less number of stages for the 
shift registers in the code generation circuit, compared 
with a case of using a plurality of spread codes which 
are completely different from each other. 

Also, as the correlator for carrying out the despread- 
ing in the above described first embodiment, the 
matched filter, the sliding correlator, etc. can be used. In 
addition, as the common spread codes and the identifi- 
cation spread code, not just the Gold sequences, but also 
the n sequences, the PN symbols, etc. may be used. 

In addition, in the above described first embodiment, 
the the spread code Cj is produced by multiplying the 
common spread code Cq and the identification spread 
code C|j, and the data sequence is spread or the received 
sequence is despread by this spread code Cj. but it is 
also possible to spread the data sequence by the com- 
mon spread code Cq or the identification spread code 
C ( j, and then spread that spread data sequence by the 
identification spread code C (i or the common spread 
code Cq. In essence, it suffices to spread the data 
sequence simultaneously by the spread codes Cq and 
Cii. 

Similarly, it is possible to despread the received 
sequence by the common spread code Cq or the iden- 
tification spread code C li( and then despread that 
despread sequence by the identification spread code C ( j 
or the common spread code Cq. In essence, it suffices 
to despread the received sequence simultaneously by 
the spread codes Cq and C t j. 

Next, an exemplary application of the above 
described first embodiment will be explained. 
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In Fig. 5. when the mobile station 13 moved from the 
cell 1 1 ! to the cell 1 1 2 while communicating with the base 
station 12 i for example, there is a need to switch to a 
communication with the base station 12 2 . and this 
switching is called the handover. At a time of this hando- 5 
ver, a communication with an instantaneous disconnec- 
tion can be carried out as the mobile station 13 
simultaneously communicates with both of the handover 
source base station 12! and the handover target base 
station 12 2 . To this end, conventionally, the identical 10 
spread code is used for the downward channels from the 
base stations 12 1 and 12 2 . but in that case, in order for 
the symbols of the data from the both base stations ^2^ 
and 1 2 2 to reach to the mobile station 1 3 simultaneously, 
timings of the transmission data to the both base stations 15 
12i and 12 2 are adjusted at an exchange station which 
is at an upper level of the base stations 1 2 A and 1 2 2 . How- 
ever, there are cases in which the network transmission 
delay between the exchange station and the base sta- 
tions 12! and 12 2 changes, and also the transmission 20 
delay in the radio section also changes depending on the 
transmission environment and the distance between the 
mobile station and the base station, so that it is difficult 
to maintain it such that the data symbols from a plurality 
of base stations always arrive simultaneously during the 25 
handover, and when the symbols are displaced, they are 
going to be the interferences with each other in the radio 
section, so that it has often been impossible to make a 
satisfactory communication without an instantaneous 
disconnection. 30 

For this reason, by applying the above described first 
embodiment, it becomes possible to realize the satisfac- 
tory communication without an instantaneous discon- 
nection easily, by making a communication between the 
handover source base station and the mobile station, 35 
and a communication between the handover target base 
station and this mobile station by using mutually different 
spread codes, and composing the data from the both 
base stations at adjusted timings in this mobile station. 

For exampf e. in Fig. 5, the base stations 1 2 1 and 1 2 2 40 
are made to spread and transmit the identical data 
sequence from the identical exchange station by using 
the mutually different spread codes C^ and C 2 , respec- 
tively. 

On the other hand, the mobile station 13 is made to 45 
have a configuration as shown in Fig. 9 for example. 
Namely, when it is notified from the base station 12i that 
the spread codes d and C 2 are the channels that can 
be used during the handover, the control unit 41 sets 
them in the spread code generation circuit 42, and the so 
spread code generation circuit 42 generates the spread 
codes Ci and C 2 , and sets them in the correlators 43 and 
44, respectively At the correlators 43 and 44, the 
received signals are despread by the spread codes Ci 
and C 2 . and at the frame timing extraction circuit 47 into ss 
which they are entered through the demodulators 45 and 
46. the temporal displacement of the two demodulated 
signals from the outputs of the demodulators 45 and 46 
is measured, and notified to the control unit 41. For the 
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respective signals demodulated by the demodulators 45 
and 46, the timings are adjusted at the respective timing 
adjustment circuits 48 and 49 according to the signal 
from the control unit 41 such that the respective timings 
coincide. At the composition circuit 51 , for the outputs of 
the demodulators 45 and 46 for which the timings are 
adjusted, the size of the reception levels in each bit 
measured by the reception level measurement circuits 
52 and 53 are compared, and the data sequence is gen- 
erated by selecting the larger one. 

As a method of composition at the composition cir- 
cuit 51 . a case of a method for selecting that with a higher 
reception level is selected in each bit has been shown in 
the present embodiment, but by using the reception level 
measurement circuits 52 and 53 which have functions 
for measuring and averaging the reception levels in 
frame units, and setting a unit of the selection composi- 
tion to be each frame, a method for selecting a frame 
with a higher reception level in each frame can also be 
realized easily. Also, by changing the reception level 
measurement circuits 52 and 53 to the frame unit bit error 
rate measurement circuits, and setting a selection refer- 
ence to be that with a lower bit error rate, a method for 
selecting a frame with a lower bit error rate can also be 
realized easily. Besides these, it is possible to compare 
and select in each bit or each frame by using an infor- 
mation representing the communication quality of the 
respective channels. Also, as a composition method, 
besides the selection composition as in the above, it is 
possible to adopt a method used for the diversity com- 
position in general such as the maximum ratio composi- 
tion, the equal gain composition, etc. 

In general, at the wire transmission paths from the 
exchange station reaching to the base station 12i and 
the base station 12 2 have different delays, and the data 
sequence at the both sides of the base stations are out 
of synchronization. In addition, the base station trans- 
missions in the radio section are also non-synchronous 
among the base stations. In such a situation, when a 
communication is made by using the identical spread 
code for the downward at a time of the simultaneous 
communications of the handover, they are going to be 
large interferences with each other as described before, 
and the communication quality is considerably degraded 
rather than improved. However, by using different spread 
codes as in this invention, it is possible to improve the 
quality significantly as they are independently demodu- 
lated and composed at the mobile station, regardless of 
the delays of the transmission paths and the non-syn- 
chronization among the base stations in the radio sec- 
tion. 

Here, in the above described first embodiment, a 
case of the handover of the downward (from a base sta- 
tion to a mobile station) communication channel has 
been described as an example, but by placing a compo- 
sition circuit at the base station or its upper level device, 
and composing the data signals received from the mobile 
stations at different cells in that base station at a time of 
the handover between the cells supported by the identi- 
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cal base station, or in the upper level device of these 
base stations at a time of the handover between cells 
supported by different base stations, it is possible to 
apply the combined use of the short spread code and 
the long spread code for the handover of the upward 5 
(from a mobile station to a base station) communication 
channel, similarly as in the downward handover. Moreo- 
ver, it is possible to apply such a combined use of the 
short spread code and the long spread code not only to 
the communication channels but also to the upward and to 
downward control channels. 

As an example, it is possible to consider a case of 
adopting the following spread code configuration. Note 
that, in the following, the short spread code (common 
spread code) and the long spread code (identification is 
spread code) will be referred as the short code and the 
long code, respectively. 

In this example, for the purpose of increasing a 
number of spread codes that can be used in the system, 
while securing the secrecy effect, and in addition, making 20 
it possible to realize an autonomous distributed channel 
arrangementfallocation, the spread code is produced by 
combining a short code (a code for channel identifica- 
tion) which is common to the cells in 128 bit length in 
which 1 bit (0 or 1) is added to 127 bit Gold sequence 25 
with an upward long code (a code for base station iden- 
tification) which is different for each base station or an 
upward long code (a code for mobile station identifica- 
tion) which is different for each mobile station, and a 
downward long code (a code for base station identifica- 30 
tion) which is different for each base station, which are 
produced by the method to be described below. Then, a 
perch channel (a channel for indicating a basic informa- 
tion, etc. to be used in a cell) as shown in Fig. 1 0. a down- 
ward control channel (a control channel from a base 35 
station with respect to a mobile station) and a downward 
communication channel (a communication channel from 
a base station with respect to a mobile station) as shown 
in Fig. 11, and an upward control channel (a control 
channel from a mobile channel with respect to a base 40 
station) and an upward communication channel (a com- 
munication channel from a mobile station with respect to 
a base station) as shown in Rg. 12 are constructed. 
Here, in Figs. 10, 11, and 12. an expression G(X) repre- 
sents a symbol sequence with a code length X, and an 45 
expression G(X, Y) represents a Y-th code of a symbol 
sequence with a code length X. 

Here, the generation of the long code uses a long 
code generation circuit 66 as shown in Fig. 13 A, which 
has a Gold sequence generation circuit 64 formed by a so 
first shift register circuit 61 having 33 bits length, a sec- 
ond shift register circuit 62 having 33 bits length, and an 
EX-OR circuit 63 which adds the outputs of the fist and 
second shift register circuits 61 and 62, and a one bit 
addition circuit 65 which adds 0 or 1 at an end of the ss 
symbol sequence. 

Then, at a time of generating the long code by this 
long code generation circuit 66, after the constituent ele- 
ments of the long code are given to the first shift register 
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circuit 61 as the initial value, while a predetermined fixed 
pattern is given to the second shift register circuit 62 as 
the initial value, these first and second shift register cir- 
cuits 61 and 62 are subjected to the clock shift to gener- 
ate the long code with a 2 33 bit period. 

In this long code generation circuit 66. the first and 
second shift register circuits 61 and 62 have configura- 
tions as shown in Figs. 13B and 13C. respectively. 
Namely, a number of stages of each shift register is 33 
bits, and the first shift register takes the 13th and 33rd 
bits of the output of the EX-OR as an input for the 1 st bit, 
and the second shift register takes the 1 1th, 13th. 22nd, 
and 33rd bits of the output of the EX-OR as an input for 
the 1st bit. 

In this case, as the constituent elements of the long 
code to be given to the first shift register circuit 61 as the 
initial value, the 33 bit code formed by 26 bit code (Per- 
muted BASE ID) in which the base station identification 
number is set in a random order by a prescribed method 
and 7 bit code (PERCH CODE) obtained according to 
the perch channel number is used for the downward con- 
trol channel and the downward communication channel 
as shown in Fig. 1 4. the 33 bit code formed by the 26 bit 
code (Permuted BASE ID) in which the base station iden- 
tification number is set in a random order by a prescribed 
method and 7 bit code (PERCH CODE) obtained accord- 
ing to the perch channel number is used for the upward 
control channel as shown in Fig. 15. and the 33 bit code 
(Permuted MSI) in which the mobile station identification 
number is set in a random order by a prescribed method 
is used for the upward communication channel as shown 
in Fig. 16, for example. 

Here, apart from the above described configuration, 
as the constituent elements of the long code, it suffices 
for the downward control and communication channels 
and the upward control channel to contain a thing that 
can identify the base station, and it suffices for the 
upward communication channel to contain a thing that 
can identify the mobile station. 

Also, the base station identification number used as 
a constituent element of the long code is not limited to 
this and may be the other thing as long as it can uniquely 
determine each radio cell within the system. 

In the following, using the spread code configuration 
of this example, the second and third embodiments of 
the present invention related to the synchronization of 
the channel spread codes in the CDMA mobile commu- 
nication scheme will be explained in detail. 

First, the second embodiment of the present inven- 
tion related to the synchronization of the channel spread 
code in the CDMA mobile communication scheme using 
the spread code configuration of Fig. 10 to Rg. 16 
described above will be explained in detail with refer- 
ences to Fig. 17 to Fig. 23. 

Fig. 17 shows a schematic configuration of a mobile 
communication system to which the channel spread 
code synchronization method in the CDMA mobile com- 
munication scheme according this second embodiment 
is applied. 
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A mobile communication system 1 1 1 shown in this 
Fig. 17 is equipped with a base station 112 provided in 
each ce*l constituting an area in which a communication 
is possible, and a mobile station 1 1 3 installed on an auto- 
mobile or carried around, and at a time of starting a com* 
munication between the mobile station 1 1 3 and the base 
station 112. etc.. the short code to be used in the com- 
munication between the mobile station 1 1 3 and the base 
station 112 is judged by sequentially measuring the 
reception level of the perch channel which is spread by 
using only the short code which is different for each base 
station 112 and comparing them, and then the connec- 
tion control operation is carried out by establishing the 
synchronization of the downward control channel which 
is spread by using the short code and the long code 
between the mobile station 1 1 3 and the base station 1 1 2 
by using the above described perch channel, and the 
communication using the upward communication chan- 
nel and the downward communication channel are 
made. 

In this case, for example, the perch channel is con- 
structed as shown in Fig. 18, from a 2 bit preamble (PR) 
to be used for the clock reproduction, a 64 bit sink word 
(SW) to be a synchronization data, a 10 bit pilot word 
(PL) to be a reference, a 6 bit frame number (FRN) which 
is set to one of a values ranging from 0 to 49 which is 
necessary in constructing a super frame, a 33 bit long 
code phase data (LCPH) indicating a phase of the long 
code of the downward control channel and the upward 
control channel at a frame reference point, a 305 bit noti- 
fication data (CAC) to be a control data. etc.. a 22 bit 
collision control data (E) which is necessary in controlling 
collisions of signals in the upward control channel, a 6 
bit tail bit (TA) indicating an end of an error control block, 
and an 8 bit power control data (TPC) for specifying a 
transmission power of the mobile station 113. 

The above described base station 1 12 is equipped 
with an antenna 1 1 4 for carrying out transmission and 
reception of radio link signals, a common amplifier circuit 
1 1 5 for amplifying the radio link signals transmitted or 
received through this antenna 1 1 4, a plurality of trans- 
ceiver circuits 116 having the long code generation cir- 
cuit 66 shown in Fig. 1 3, etc., for making a 
communication with an exchange station side through 
each wire link and carrying out transmission and recep- 
tion processing for the radio link signals through the 
above described common amplifier 115. and a base sta- 
tion control circuit 1 1 7 for controlling transmission and 
reception operations of each of these transceiver circuits 
116. 

Then, the perch channel which is spread by using 
only the short code and the downward control channel 
which is spread by using the short code and the long 
code are transmitted all the times. Here, however, the 
constituent elements of the short code and the long code 
used in the downward control channel and the upward 
control channels are notified within the notification data 
of the perch channel. Then, at a time of starting the com- 
munication with the mobile station 113. etc., the connec- 



tion control is carried out by using the downward control 
channel and the upward control channel which are 
spread by using the short code and the long code, and 
the communication with the above described mobile sta- 

5 tion 1 13 is made by using the upward communication 
channel and the downward communication channel. 

Also, the mobile station 113 is equipped with an 
antenna for carrying out transmission and reception of 
radio link signals, an amplifier circuit 1 19 for amplifying 

w the radio link signals transmitted or received through this 
antenna 1 18. a transceiver circuit 120 having the long 
code generation circuit 66 shown in Fig. 1 3, etc.. for car- 
rying out transmission and reception processing for the 
radio link signals through the above described amplifier 

15 circuit 119, etc., an input/output circuit 121 having a 
microphone, a speaker, etc., for making speech input 
and output, an operation circuit 122 having man- 
machine interfaces such as dial buttons and a display 
device, and a mobile station control circuit 123 for con- 

20 trolling the above described transceiver circuit 120 
according to the operation content of this operation cir- 
cuit 122. 

Then, at a time of starting the communication with 
the base station, etc., the short code to be used in the 

25 communication with the base station 1 12 is determined 
by comparing the reception levels of the perch channel 
which is spread by using only the short code among a 
plurality of base stations, and judging the base station at 
the maximum reception level (this is set as the base sta- 

30 tion 112). After that, the above described perch channel 
is received, and the long code phase is read out from the 
LCPH, while the constituent elements of the short code 
and the long code in the downward and upward control 
channels are read out from the notification data, and the 

35 long code is generated at a phase read out from the long 
code constituent elements, and then the synchronization 
with the downward control channel is established by 
using this long code along with the short code. After that, 
the connection control is carried out in the downward 

40 control channel and the upward control channel which 
are spread by using the short code and the long code, 
and then the communication with the base station 1 1 2 is 
made by using the connection control in the upward com- 
munication channel and the downward communication 

45 channel. 

Next, with references to Fig, 19 to Ftg. 23. the oper- 
ation of this second embodiment will be explained. 

{A time of activation of mobile station 1 13 and a time of 
so reception of downward control channel) 

First, at a time of turning a power on at the mobile 
station 113 within one cell or at a time of carrying out a 
reception of the downward control channel, as shown in 
55 Fig. 19, by the mobile station control circuit 123 on the 
mobile station 113 side, a plurality of perch channel 
spread codes (short codes) written in the ROM (not 
shown) are sequentially switched and set to the trans- 
ceiver circuit 120, the reception level of the perch chan- 
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nel from each cell is measured, and the perch channel 
with the maximum reception level among the above 
described perch channels is found out according to this 
reception level, (step 191) 

After that, the transceiver circuit 120 is controlled by s 
the mobile station control circuit 1 23 of the mobile station 
113. and the frame of the perch channel is received by 
the perch channel spread code corresponding to the 
above described perch channel with the maximum 
reception level. Then, a base station number, a perch 10 
channel number, and a control channel configuration 
data in the notification data (CAC) are read out. while the 
long code phase data (LCPH) is read out in correspond- 
ence to the frame number (FRN). Here, however, in the 
control channel configuration data, the short codes for 15 
the upward and downward control channels are con- 
tained, (step 192) 

Next, by the mobile station control circuit 123 in the 
mobile station 113, the code (permuted BASE ID) in 
which the base station number is set in a random order 20 
by a prescribed method and a code (PERCH CODE) 
obtained according to the perch channel number are set 
as the initial values in the first shift register circuit 61 of 
the long code generation circuit 66 in the transceiver 1 20, 
while the long code phase data (LCPH) is set, and the 25 
first and second shift register circuits 61 and 62 are 
shifted as much as a number of clocks indicated by this 
long code phase data (LCPH), and then the generation 
of the long code is started at a reference point (a timing 
(a) shown in Figs. 22(A) and (B)) of the perch channel 30 
frame. At this point, prescribed initial values which are 
common to the base station 1 12 and the mobile station 
1 1 3 are set up in the second shift register circuit 62. (step 
193) 

After that, by the transceiver circuit 120 on the 35 
mobile station 1 13 side, the spread code of the down- 
ward control channel is generated by multiplying the 
short code of the downward control channel and the long 
code generated by the long code generation circuit 66. 
In addition, the synchronized capturing is made by taking 40 
a correlation between the downward control channel sig- 
nal and the spread code at the reception side, (step 194) 

In this case, by the long code phase data (LCPH) of 
the perch channel as shown in Figs. 22(A) and (B), an 
information that it becomes a reference point (a timing 45 
(a) shown in Figs. 22(A) and (b)) of the perch channel 
frame, i.e., it becomes the long code for the first chip (a 
timing (a)) of the first symbol constituting the downward 
control channel, when the long code generation circuit 
66 is shifted for how many clocks from the initial state, is so 
indicated. 

Then, the synchronization capturing (chip synchro- 
nization capturing) can be made easily with respect to 
the spread code of the downward control channel, by cal- 
culating a content of the long code at the (a) timing ss 
according to this long code phase data (LCPH) by the 
mobile station 113 side as shown in Figs. 22(C) and (D), 
and taking the synchronization with respect to the down- 



ward control channel by generating the long code 
according to this calculation result. 

After that, after the chip synchronization with respect 
to the received signal of the downward control channel 
is taken, it is possible to take the symbol synchronization 
and the frame synchronization sequentially, so that the 
content of the downward control channel is received by 
the transceiver circuit 1 20 on the mobile station 1 1 3 side, 
and it becomes a waiting state, 
(step 195) 

<A time of upward control channel transmission) 

After that, at a time of transmitting the signals 
through the upward control channel from the mobile sta- 
tion 1 1 3 to the base station 1 1 2, as shown in Fig. 20, the 
upward long code is generated at the long code phase 
which is synchronized with the long code phase of the 
downward control channel by the transceiver circuit 120 
on the mobile station 113 side, and the signal of the 
upward control channel to be the transmission target as 
the short code is used is spread, and transmitted as 
shown in Fig. 22(E). (step 201) 

Then, by the transceiver circuit 1 1 6 on the base sta- 
tion 1 1 2 side, the despreading is carried out by using the 
above described long code and short code as shown in 
Fig. 22(F), and the synchronized capturing is made. At 
this point, the upward long code phase is based on the 
downward long code phase as described above, so that 
the upward long code phase to be used at a time of the 
base station reception can be generated easily, and the 
synchronized capturing can be made easily. In this man- 
ner, the signal of the upward control channel is received, 
(step 202) 

(A time of transmitting and receiving communication 
channel establishment) 

Next, at a time of establishing a communication 
channel by carrying out transmitting and receiving con- 
nection control, the signal of the upward control channel 
is generated as the long code phase is adjusted in syn- 
chronization with the signal of the downward control 
channel by the mobile station 113, while a number of 
channels, a mobile station number, etc. necessary for a 
communication which are to be the transmission data in 
this upward control channel are notified to the base sta- 
tion 112 side, 
(step 211) 

Then, by the base station 1 1 2, as many short codes 
as a number of necessary channels are secured accord- 
ing to the transmission data from the above described 
mobile station 1 13 side, and then the 33 bit code (Per- 
muted MSI) in which the mobile station identification 
number is set in a random order according to a pre- 
scribed method is generated, (step 212) 

After that, at one base station 1 12, the identical long 
code is used in the downward within the identical base 
station 112 (within the cell), so that the same long code 
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as the long code of the downward control channel is 
selected as the long code of the downward communica- 
tion channel by the transceiver circuit 116 on the base 
station 1 12 side, and moreover used for the spreading 
at the identical phase. The timing relationship in this case s 
is shown in Fig. 23. At the perch channel, the long code 
phase corresponding to (a) is notified, and the mobile 
station 1 1 3 can learn the phase of (a) in Figs. 23(B) and 
(C). By means of this, the mobile station 1 13 can demod- 
ulate and decode the downward data signal which is ro 
spread by the long code and the short code. In this man- 
ner, from the base station 1 12, the data of the downward 
communication channel is modulated and transmitted 
according to the selected long code and short code, 
(step 213) is 

After that, by the base station 1 12, the 33 bit code 
(permuted MSI) in which the mobile station identification 
number is set in a random order by a prescribed method 
is set to the first shift register circuit 61 of the long code 
generation circuit 66 in the transceiver 116, and then, the 20 
shifting of the first and second shift register circuits 61 
and 62 at the phase synchronized with the long code 
phase of the above described downward communication 
channel is started and the long code for the upward com- 
munication channel is generated, while the reception of 25 
the upward communication channel is started by using 
this upward long code and the short code, (step 214). 

Next, a frequency, upward and downward short 
codes, etc.. which become a channel designation data 
for specifying the upward and downward communication 30 
channels are collected together by the transceiver circuit 
1 16 of the base station 1 12. and this is notified as the 
channel designation signal to the transceiver circuit 120 
on the mobile station 1 13 side through the downward 
control channel, (step 215) 35 

Then, by the transceiver circuit 120 of the mobile sta- 
tion 1 13; the generation of the downward fong code is 
started at the same timing as the downward control chan- 
nel according to the channel designation signal from the 
above described base station 112 side, and in addition, 40 
the reception of the downward communication channel 
is carried out by using this downward long code and the 
short code, and the synchronized capturing of the down- 
ward communication channel is made, (step 217) 

Next, by the transceiver circuit 1 20 of the mobile sta- 45 
tion 113, when the synchronization of the downward 
communication channel is taken, the 33 bit code (per- 
muted MSI) in which the mobile station identification 
number is set in a random order according to a pre- 
scribed method is set to the first shift register circuit 61 so 
of the long code generation circuit 66 in the transceiver 
circuit 120, and then, the shifting of the first and second 
shift register circuits 61 and 62 at the phase synchro- 
nized with the long code phase of the above described 
downward communication channel is started and the ss 
long code for the upward communication channel is gen- 
erated, while the signal of the upward communication 
channel is generated by using this upward long code and 
the short code, and this is transmitted by being adjusted 
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to the frame timing and the long code phase of the above 
described downward communication channel, (step 
218) 

After that, by the transceiver circuit 1 16 of the base 
station 1 12, the synchronized capturing of the upward 
communication channel is made by using the upward 
long code and the short code, and it enters into a state 
of communication with the above described mobile sta- 
tion 113. (step 219) 

As described, in this second embodiment, it is made 
such that, at a time of starting the communication 
between the mobile station 1 1 3 and the base station 112. 
etc.. the short code to be used in the communication 
between the mobile station 113 and the base station 112 
is selected by using the perch channel which is spread 
by using only the short code, and then the synchroniza- 
tion of the downward control channel which is spread by 
using the short code and the long code is established 
between the mobile station 1 1 3 and the base station 1 1 2 
by using the long code phase data (LCPH) of the above 
described perch channel, and the communication is 
made by using the downward control channel, the 
upward control channel, the upward communication 
channel, and the downward communication channel 
which are spread by using the short code and the long 
code, so that even when each spread code becomes 
long, the phase of the long code obtained by the long 
code generation circuit 66 and the phase of the long code 
which is spreading the received signal can be made to 
coincide in short time, and by means of this, rt is possible 
to carry out the establishment and the switching of the 
communication channel smoothly while drastically 
increasing a number of communication channels 
between the mobile station 1 1 3 and the base station 1 1 2. 

It is noted that, in the above described embodiment, 
it has been explained by assuming the phase data of the 
long code notified by the perch channel as the long code 
phase in the symbol at a top of the next frame, but there 
is no need to limit it to this, and it can be realized at any 
timing as long as it is a timing predetermined between 
the base station 112 and the mobile station 1 1 3. 

Also, it has been explained for a case using the Gold 
symbol having a code length of 128 bit in which 1 bit is 
added to 1 27 bits as the short code, and the gold symbol 
having a code length of 233 bits in which 1 bit is added 
to 233-1 bits as the long code, but regarding the code 
length, it may be the code length other than these as long 
as they satisfy the requested conditions such as a 
number of simultaneously communicating stations in the 
CDMA mobile communication system. Also, it may be 
fine to use any symbol other than the Gold symbol as 
long as it is a symbol which satisfies the requested con- 
ditions. 

Next, the third embodiment of the present invention 
related to the synchronization of the channel spread 
code in the CDMA mobile communication scheme using 
the spread code configuration of Fig. 10 to Fig. 16 
described above will be explained in detail with refer- 
ences to Fig. 24 to Fig. 29. 
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Figs. 24 and 25 show exemplary configurations of 
the base station and the mobile station, respectively, in 
the mobile communication system to which the channel 
spread code synchronization method in the CDMA 
mobile communication scheme according this third 
embodiment is applied. 

In Fig. 24, 340 is an antenna, 341 is a duplexer for 
distributing a received signal from the antenna 340 to a 
reception amplifier 342 while distributing an output of a 
common amplifier 349 to the antenna 340, 342 is a 
reception amplifier for amplifying the received signal, 343 
is a correlator for taking a correlation of the amplified 
received signal and a spread code generated by a 
spread code generator 347, 344 is a demodulator for 
demodulating an output of the correlator 343. 345 is a 
decoder for decoding an output of the demodulator 344, 
and 346 is a signal separation circuit for judging a frame 
configuration of an output of the decoder 345. and sep- 
arately outputting the respective frame constituent ele- 
ments. 

Also, 347 and 348 are spread code generators which 
have the long code generation circuit 66 shown in Fig. 
13. etc., and which generate the spread codes for the 
upward and downward data signals, respectively, as the 
configuration data and the generation initial phases of 
the short code and the long code are specified from a 
base station control unit 358. 353 is a signal multiplexing 
circuit for generating a frame by multiplexing the control 
data, etc., transferred from a base station control unit 
358. and making an output at a timing specified from a 
frame timing set up circuit 359, 352 is an encoder for 
encoding the multiplexed control signals. 351 is a mod- 
ulator for modulating an output of the encoder 352, and 
350 is a spreader for spreading an output. of the modu- 
lator 351 by multiplying the spread code generated by 
the spread code generator 348. 

Also, 357 is a signal multiplexing circuit for generat- 
ing a frame by multiplexing the control data, etc.. trans- 
ferred from a base station control unit 358 and the 
downward data signal, and making an output at a timing 
specified from a frame timing set up circuit 359, 356 is 
an encoder for encoding the multiplexed control signals, 
355 is a modulator for modulating an output of the 
encoder 356. 354 is a spreader for spreading an output 
of the modulator 355 by multiplying the spread code gen- 
erated by the spread code generator 348, and 349 is a 
common amplifier for amplifying outputs of the spreaders 
350 and 354 and outputting them to the duplexer 341 . 

In this case, the spreader 350 to the signal multiplex- 
ing circuit 353 are used for the perch channel and the 
control channel transmission, while the spreader 354 to 
the signal multiplexing circuit 357 are used for the com- 
munication channel transmission. 

Also, 359 is a frame timing set up circuit for adjusting 
transmission timing by setting the frame timing specified 
from a base station control unit 358 to the signal multi- 
plexing circuits 353 and 357, and 358 is a base station 
control unit which has a function to read out the control 
signal from the signal separation circuit 346, a function 



to exchange the long code phase data and the frame 
time difference data with the other base stations, a func- 
tion to set up the short code, the long code, and their 
initial phases to the spread code generators 347 and 

5 348, a function to output the control signal to the signal 
multiplexing circuits 353 and 357. etc. 

Here, in Fig. 24, a case in which the channel for com- 
munication is one for upward and one for downward is 
shown, but it is possible to support a plurality of commu- 

10 nication channels by providing a system from the 
spreader 354 to the signal multiplexing circuit 357 and a 
system from the reception amplifier 342 to the signaf sep- 
aration circuit 346 in plurality. In addition, a configuration 
in which the upward/downward control channel contain- 

is ing the perch channel (only downward) is also one is 
shown, but it is possible to support a plurality of the perch 
channels and the upward/downward control channels by 
providing a system from the spreader 350 to the signal 
multiplexing circuit 353 in plurality. 

20 Also, in Fig. 25. 31 1 is an antenna, 312 is a duplexer 
for distributing a received signal from the antenna 31 1 to 
a reception amplifier 313 while distributing an output of 
a transmission amplifier 324 to the antenna 31 1 . 313 is 
a reception amplifier for amplifying the received signal. 

25 314 is a first correlator for taking a correlation of the 
amplified received signal and a spread code generated 
by a spread code generator 322, 315 is a first demodu- 
lator for demodulating an output of the first correlator 
314, 316 is a first decoder for decoding an output of the 

30 first demodulator 31 5, and 31 7 is a first signal separation 
circuit for judging a frame configuration of an output of 
the first decoder 316 and separately outputting the 
respective frame constituent elements. 

Also, 322 is a spread code generator which has the 

35 long code generation circuit 66 shown in Fig. 13. etc., 
and which generates the spread code for the downward 
data signals as the conf iguration data and the generation 
initial phase of the short code and the long code are 
specified from a mobile station control unit 329, sepa- 

40 ratefy for the first correlator 3 1 4 and the second correla- 
tor 31 8, 31 8 is a second correlator for taking a correlation 
of the amplified received signal and the spread code gen- 
erated by the spread code generator 322. 319 is a sec- 
ond demodulator for demodulating an output of the 

45 second correlator 318, 320 is a second decoder for 
decoding an output of the second demodulator 319, and 
321 is a second signal separation circuit for judging a 
frame configuration of an output of the second decoder 
319 and separately outputting the respective frame con- 
so stituent elements. 

In this case, a reason for providing a plurality of 
reception systems of the first correlator 314 to the first 
signal separation circuit 317 and the second correlator 
3 1 8 to the second signal separation circuit 32 1 is that the 

55 simultaneous receptions for the purpose of the soft 
handover are to be carried out, and a plurality of down- 
ward data signals are composed into one data signal by 
a signal composition circuit not shown in the figure. 
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Also, 323 is a spread code generator which has the 
long code generation circuit 66 shown in Fig. 13. etc., 
and which generates the spread code tor the upward 
data signals as the configuration data and the generation 
initial phase of the short code and the long code are 5 
specified from a mobile station control unit 329. 328 is a 
signal multiplexing circuit for generating a frame by mul- 
tiplexing the control data, etc.. transferred from a mobile 
station control unit 329 and the upward data signal, 327 
is an encoder for encoding the multiplexed control signal, 
326 is a modulator for modulating an output of the 
encoder 327. 325 is a spreader for spreading an output 
of the modulator 326 by multiplying the spread code gen- 
erated by the spread code generator 323, and 324 is a 
transmission amplifier for amplifying an output of the 
spreader 325 and outputting it to the duplexer 312. 

Also, 332 is an operation circuit having dial switches, 
etc.. 331 is a reception level measurement circuit for 
detecting a reception level of a peak of the outputs of the 
first and second correlators 3 1 4 and 318, 330 is a frame 
timing measurement circuit for measuring a frame timing 
for the received signal from the output of the first and 
second decoders 316 and 320 and a transmission frame 
timing from the encoder 327. and notifying them to a 
mobile station control unit 329, and 329 is a mobile sta- 
tion control unit which has a function to read out the con- 
trol signals from the first and second signal separation 
circuits 317 and 32 1 . a function to set up the short code, 
the long code, and their initial phases to the spread code 
generators 322 and 323. a function to output the control 
signals to the signal multiplexing circuit 328. a function 
to receive the measured values from the frame timing 
measurement circuit 330 and the reception level meas- 
urement circuit 331, a function to carry out calculations 
to obtain a time difference and a phase difference as 
described later, etc. 

Next, using Fig. 26 to Fig. 29. the operations of the 
base station and the mobile station at a time of the 
handover between cells will be explained. 

First, the base station is transmitting the perch chan- 
nel by using the transmission system of the spreader 350 
to the signal multiplexing circuit 353 of Fig. 24. Here, it 
is assumed that the perch channel has a configuration 
similar to that shown in Fig. 18 in the above described 
second embodiment. 

Also, supposing that the mobil e station is in commu- 
nication by the reception system of the first correlator 3 1 4 
to the first signal separation circuit 317 shown in Fig. 25, 
at a time of carrying out the handover operation by 
detecting a cell transition due to the movement of the 
mobile station, etc.. this is done by the procedure shown 
in Fig. 26 and Fig. 27. 

The mobile station finds out the spread code with 
the maximum reception level by making the mobile sta- 
tion control unit 329 to sequentially set the spread codes 
(short code) of the perch channels of the surrounding 
cells, which are either written in the ROM (not shown) or 
notified from the base station, into the spread code gen- 
erator 322, and making the reception level measurement 



circuit 331 to measure the reception level by using the 
system which uses the second correlator 318 which is 
not used for the communication. Then, whether to acti- 
vate the transition target cell and the handover or not is 
determined according to the reception level and the 
spread code detected by this operation, (step 261) 

In a case there is no perch channel which satisfies 
the handover activation condition, the reception of the 
perch channels of the surrounding cells is repeated once 
again. 

Now, the operation in a case the handover is acti- 
vated will be explained. 

First, at the mobile station, the communication with 
the handover source base station is continued by the 
reception system of the first correlator 3 1 4 to the first sig- 
nal separation circuit 317, and in parallel to this, the 
reception of the perch channel of the handover target 
base station is carried out by the reception system of the 
second correlator 318 to the second signal separation 
circuit 321. 

In this case, the corresponding spread code is set 
up to the spread code generator 322 from the mobile sta- 
tion control unit 329, the perch channel is received by 
taking the correlation by this spread code, and the base 
station identification number, the perch channel number, 
the control channel configuration data, etc., in the notifi- 
cation data portion (CAC) constituting this perch channel 
frame are read out, while the long code phase data 
(LCPH) is read out. Here, the long code phase data is 
indicating the long code phase at a timing to be refer- 
ence, i.e., a value indicating how much it has been shifted 
from the long code initial state, and in Fig. 28 for example, 
it is indicating a phase at a timing of (a), i.e.. at a top of 
the next frame. Therefore, when the value of the long 
code phase data is P1 . at a top of the next frame, it is in 
a state which has been shifted for a value P1 from the 
long code initial state. 

Next, the mobile station measures a time difference 
Td between a timing (a) corresponding to the received 
long code phase data and a top timing (b) of a frame 
closest to the currently communicating upward commu- 
nication channel, as shown in Figs. 28(A) and (B), by 
using the frame timing measurement circuit 330. Also, at 
this point, the mobile station control unit 329 reads out 
the phase data at a point (b) of the long code which is 
used in the currently communicating upward communi- 
cation channel from the spread code generator 323 and 
sets this as P2. Then, by obtaining a difference P2-P1 
between this and the long code phase data value PI. a 
difference of the long code phases at a point (a) of the 
perch channel and a point (b) of the currently communi- 
cating upward communication channel is obtained as a 
difference of clock numbers, and this value is set as Ld. 
(step 262) 

In this case, the phase of the long code is identical 
in a plurality of channels used at the base station, and in 
a case the upward transmission is carried out in synchro- 
nization with the downward long code phase, Ld is going 
to represent the long code phase difference between the 
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handover source base station and the handover target 
base station. 

Next, the handover request signal is generated by 
the mobile station controf unit. 329. This handover 
request signal contains data elements of the handover 
target base station identifier, the mobile station identifier, 
the frame time difference Td described above, the long 
code phase difference Ld. etc. Then, the handover 
request signal is transmitted to the currently communi- 
cating base station through the control channel in com- 
munication, (step 263) 

Next, when the handover request signal is received 
(step 264). the handover source base station reads out 
its content at the base station control unit 358. judges 
the handover target base station from the handover tar- 
get base station identifier, and transmits the link set up 
request signal containing data elements of at least the 
required number of channels, the mobile station identi- 
fier, the frame time difference Td, the long code phase 
difference Ld, etc, to this handover target base station 
through the control lines between the base stations, 
(step 265) 

Then, at the handover target base station which 
received this, as many wire links as the required number 
of channels, and the spread codes (short codes) for the 
upward and downward communications are selected 
(steps 266 and 267), while after the communication 
channels are allocated as shown in Fig. 29(A) and (B). 
the downward communication long code is generated by 
setting the downward communication short code in the 
spread code generator 348 by the base station control 
unit 358, and the transmission of the downward commu- 
nication channel is carried out. (step 268) 

At this point, the long code phase and the frame tim- 
ing are as follows. Namely, assuming that the transmis- 
sion long code phase of the mobile station is identical 
before and after the handover, the long code phase dif- 
ference Ld notified from the handover source base sta- 
tion is the long code phase difference between the base 
stations at a reference timing, so that it can be seen that, 
with reference to the perch channel transmission of the 
own base station, it is a point at which the long code 
phase at a timing which is ahead by as much as the frame 
time difference Td is a point at which the phase is ahead 
by as much as the long code phase difference Ld. 

By means of this, the transmission long code phase 
of the mobile station at that timing can be seen, so that 
by generating the upward communication long code by 
setting that to the spread code generator 347, the recep- 
tion of the upward communication channel is carried out 
in a short synchronized capturing period, and the syn- 
chronized capturing is made, (step 269) 

Also, the short codes of the upward and downward 
channels, etc., which are selected at the handover target 
base station are transmitted to the handover source base 
station through the control line in a form of being con- 
tained in the channel designation request signal (steps 
270 and 271), and after that, they are notified from the 



handover source base station to the mobile station by 
the channel designation signal (steps 272 and 273). 

Then, at the mobile station, the initial state of the shift 
register of the long code generation circuit 66 within the 

5 spread code generator 322 is set up from the handover 
target base station identification number and the perch 
channel spread code, and in addition, the long code 
phase (a number of clocks since the initial state) at a tim- 
ing for making the synchronized capturing is calculated 

10 from the notified long code phase data, and the long code 
shifted from the initial state is generated, (step 274) 

The despreading is carried out by the spread code 
in which this long code and the specified downward com- 
munication short code are multiplied together, and the 

15 synchronized capturing is made. By means of this, the 
reception of the downward communication in a short syn- 
chronized capturing period becomes possible, (step 
275) 

Here, a case of carrying out the handover by the 

20 identical spread code for the upward has been described 
in the above, but in a case the spread codes are changed 
for both upward and downward, after the synchronization 
establishment for the downward communication chan- 
nel, the transmission of the upward communication. 

25 channel is carried out (step 276), and this is received by 
making the synchronized capturing at the handover tar- 
get base station, (step 277) 

As described, in this embodiment, in a case the 
mobile station in communication carries out the hando- 

30 ver, it is made such that the displacement between the 
frame of the currently communicating communication 
channel and the frame of the perch channel which is 
used at the base station located within a moving target 
cell is measured, and this measurement result is trans- 

35 mitted to the handover target base station through the 
handover source base station, and the long code phases 
of the downward communication channef transmitted 
from this handover target base station and the upward 
communication channel received by the above 

40 described handover target base station, etc., are 
adjusted, so that even when each spread code becomes 
long, the phase of the spread code obtained by the long 
code generation circuit and the phase of the spread code 
which is spreading the received signal can be made to 

45 coincide in short time, and by means of this, it is possible 
to carry out the switching of the communication channel 
smoothly at a time of the handover while drasticalfy 
increasing a number of communication channels 
between the mobile station and the base station. 

so Also, by modifying the above described third embod- 
iment, it may be fine to generate the frame of the down- 
ward communication channel at the same timing as the 
upward communication channel frame of the handover 
source base station and transmit this at the handover tar- 

55 get base station for example. 

Here, by applying the above described third embod- 
iment, for the purpose of improving the VOX effect at the 
handover target base station, it is possible to set offsets 
randomly to the frames of the downward communication 
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channel of the handover target base station with respect 
to the frames of the perch channel of the handover 
source base station, transmit these offset values, the 
upward and downward short codes, the frequency, etc., 
to the mobile station sequentially through the interstation 
control line and the handover source base station, and 
set offsets to the frames of the upward communication 
channel transmitted from this mobile station, and by 
doing this, it is possible to increase the statistical multi- 
plexing effect at a time of the VOX control, at the cell in 
which the handover target base station is existing. Also, 
such a scheme will be effective in improving the VOX 
effect in a general VOX control as well. 

In the following, the fourth embodiment of the 
present invention related to a scheme for utilizing the 
reduction of an amount of interference in conjunction 
with such a VOX control to an increase of the system 
capacity will be explained in detail with references to Fig. 
30 to Fig. 32. 

First, a case of downward (a signal transmission 
from a base station to a mobile station) will be explained. 

Fig. 30 is showing a configuration of a base station 
transmission system for the CDMA mobile communica- 
tion system in this fourth embodiment, where 401 is an 
antenna for irradiating an output of a transmission ampli- 
fier 402, 402 is a transmission amplifier for amplifying an 
output of a combiner 403 and sending it into the antenna 
401, and 403 is a combiner for combining outputs of 
transmission ON/OFF control circuits 431 to 43n for 
respective channels together and sending it into the 
transmission amplifier 402. On the other hand, regarding 
the channel corresponding portion, each channel has 
the same configuration, so that only one sequence will 
be explained. 481 is an encoder circuit for encoding a 
data.sequence and sending it out to a transmission data 
presence/absence judgment circuit 471. 471 is a trans- 
mission data presence/absence judgment circuit for 
judging speech/silence in a case of speeches or data 
presence/absence in a case of data for each frame in the 
encoded transmission data sequence, notifying it to the 
transmission ON/OFF control circuit 431 for each frame, 
and sending the encoded data signal into a modulation 
circuit 461 ( 461 is a modulation circuit for modulating the 
encoded data signal, 451 is a transmission timing adjust- 
ment circuit for adjusting a transmission timing by a tim- 
ing in which a frame transmission reference timing from 
a reference timing generation circuit 409 is offset by as 
much time as specified from a control unit 410. 441 is a 
spreader for spreading an output of the transmission tim- 
ing adjustment circuit 451, and 431 is a transmission 
ON/OFF control circuit for turning a transmission OFF 
for a data portion of a silence or no data frame, and turn- 
ing it ON for the other portions according to signals from 
the transmission data presence/absence judgment cir- 
cuit 471 , among the signals from the transmission timing 
adjustment circuit 451 through the spreader 441. Also, 
409 is a reference timing generation circuit for supplying 
the frame transmission reference timing to the transmis- 
sion timing adjustment circuits 451 to 45n, 410 is a con- 



trol unit for specifying timing offset amounts from the 
frame transmission reference timing for each channel to 
the transmission timing adjustment circuits 451 to 45n, 
and 4 11 is a spread code generation circuit for specifying 

5 the spread code to the spreaders 441 to 44n under the 
control of the control unit 410. 

Next, a manner of determining an amount of offset 
to be set by the control unit 410 will be explained. 

At the control unit 410, one frame is divided into a 

10 plurality of timings and these timings are set in corre- 
spondence to the offset amounts, and the timings, i.e., 
the offset amounts are randomly selected and set up at 
a time of the channel allocation. For example. Fig. 31 is 
an example in which four transmission timing offsets are 

is set up with respect to the frame transmission reference 
timings of four channels. When the frame length is T f the 
offset amounts are i$ = 0 (coinciding with the frame trans- 
mission reference timing), t^T/4. t 2 =:T/2. and 
1 3 = 3T/4 . At the base station, at a time of allocating the 

20 radio channels, they are allocated by randomly selecting 
from these four timings. Fig. 31 is showing a situation in 
which four channels are allocated to be mutually different 
as an example. As a result, in the section 2 for example, 
four of PR+SW would have been overlapping conven- 
es tionally such that a number of simultaneous communica- 
tions cannot be increased even if the VOX control is 
carried out. but as the offsets are set on the transmission 
timings, PR+SW will not be overlapping, and a number 
of simultaneous communications can be increased and 

30 it is possible to take an advantage of the effect of the 
reduction of an amount of interference due to the VOX 
control. Also, as in the section 5, even when there is a 
frame for which the transmission is not turned OFF, the 
interference of the PR+SW portion is going to be 

35 reduced. 

Next, regarding the unit of the offset width, it is pref- 
erable to make this to be about a length of a portion trans- 
mitted by a frame for which the data transmission is 
turned OFF (a length of PR+SW in this fourth embodi- 

40 ment). The reason is that if it has a length shorter than 
that, it is expected that the interference will be increased 
as the PR+SW overlaps partially, and also, if it has a 
length longer than that, it is expected that the lowering 
of the efficiency due to the appearance of the gaps will 

45 be caused. 

Also, regarding the randomizing, it is also possible 
to use a method for selecting and setting the offset 
amounts at a time of the channel allocation such that 
numbers of mobile stations which are communicating at 

so respective timings become as equal as possible. 

Next, a case of upward (a signal transmission from 
a mobile station to a base station) will be explained. 

Fig. 32 is showing a configuration of a mobile station 
transmission system for the CDMA mobile communica- 

55 tion system in this fourth embodiment, where 501 is an 
antenna for irradiating an output of a transmission ampli- 
fier 502. 502 is a transmission amplifier for amplifying an 
output of a transmission ON/OFF control circuit 531 and 
sending it into the antenna 50 1 , 58 1 is an encoder circuit 
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for encoding a data sequence and sending it out to a 
transmission data presence/absence judgment circuit 
571 , 571 is a transmission data presence/absence judg- 
ment circurt for judging speech/silence in a case of 
speeches or data presence/absence in a case of data 5 
for each frame in the encoded transmission data 
sequence, notifying it to the transmission ON/OFF con- 
trol circuit 531 for each frame, and sending the encoded 
data signal into a modulation circurt 561. 561 is a mod- 
ulation circuit for modulating the encoded data signal, 10 
551 is a transmission timing adjustment circurt for adjust- 
ing a transmission timing by a timing in which a frame 
transmission reference timing from a reference timing 
generation circuit 509 is offset by as much time as spec- 
ified from a control unit 520, 541 is a spreader for spread- 15 
ing an output of the transmission timing adjustment 
circuit 551, and 531 is a transmission ON/OFF control 
circuit for turning a transmission OFF for a data portion 
of a silence or no data frame, and turning it ON for the 
other portions according to signals from the transmission 20 
data presence/absence judgment circuit 571 , among the 
signals from the transmission timing adjustment circuit 
551 through the spreader 541. Also, 509 is a reference 
timing generation circuit for supplying the frame trans- 
mission reference timing to the transmission timing 2 s 
adjustment circuit 551 . 520 is a control unit for specifying 
timing offset amounts from the frame transmission refer- 
ence timing for each channel to the transmission timing 
adjustment circuit 551 . and 511 is a spread code gener- 
ation circuit for specifying the spread code to the 30 
spreader 541 under the control of the control unit 520. 

At the mobile station, the frame reference timings 
are generated by the reference timing generation circuit 
509 according to the signals from the base station. The 
frame reference timings from the base station them- 35 
selves are randomized, so that by making the mobile sta- 
tion to transmit in synchronization with them, the similar 
effect as the downward can also be obtained for the 
upward. Also, in a case the base station transmissions 
are synchronized among the channels, it suffices to <o 
select random values and set one of them as the trans- 
mission timing offset amount at the control unit 520 of 
the mobile station. It may also be fine to select the offset 
amount of the mobile station at the base station and set 
it by notifying it to the mobile station. 45 

As in the above, in this fourth embodiment, by setting 
an offset to the transmission timing randomly for each 
radio channel, the interference between the radio chan- 
nels is reduced by making portions which are transmit- 
ting radio waves to be not overlapping as much as so 
possible at a time of carrying out the VOX control, and 
the large channel capacity is secured by increasing the 
statistical multiplexing effect. Here, a scheme of this 
fourth embodiment has a particularly large effect in the 
CDMA scheme in which the radio channels can be the ss 
interference with each other as the radio channels are 
operated at the identical frequency. 

Note that, in this fourth embodiment, the adjustment 
of the transmission timing is carried out before the mod- 



ulated signal is entered into the spreader, in both the 
base station and the mobile station, so that it is possible 
to use a common long code in the identical phase at a 
time of transmission. By means of this, there is no need 
to have a plurality of long code generation circuits, and 
it becomes possible to operate it in the single phase 
within the device, so that there are advantages that the 
device configuration becomes simple while the phase 
data to be notified, etc.. can be simplified. 

Note that, in each embodiment described above, a 
case in which one base station supports one radio cell 
has been explained as an example, but it is also possible 
for one base station to support a plurality of radio ceils 
(also called sectors). In such a case, the control channel 
and the communication channel are constructed for each 
radio cell supported by each base station, and the perch 
channel is also provided for each radio cell. Namely, it is 
going to have a configuration similar to a case in which 
the base station is provided for each radio cell. In this 
case, it suffices to use a number for uniquely identifying 
each celt (or sector) within the system instead of the base 
station identification number in each embodiment 
described above. For example, by using that in which the 
base station identification number and the cell (or sector) 
number within the base station are combined, it becomes 
possible to identify each cell (or sector) in the entire sys- 
tem. In this case, the Permuted BASE ID in the long code 
constituent elements for the downward control channel, 
the downward communication channel, and the upward 
control channel shown in Fig. 14 and Fig. 15 described 
above is going to be replaced by a Permuted (BASE ID 
+ Cell ID). As for the upward communication channel, it 
suffices to be the same as in Fig. 16 described above. 

Claims 

1. In a CDMA mobile communication system formed 
by a plurality of base stations and at least one mobile 
station which communicate in a CDMA scheme 
through radio channels, a CDMA mobile communi- 
cation method comprising: 

a step of selecting one of a plurality of pre- 
scribed short spread codes, and transmitting by 
spreading data sequence to be transmitted by using 
the selected short spread code and a prescribed 
long spread code with a code length longer than said 
short spread code, at either one station of each base 
station and the mobile station; and 

a step of receiving the data sequence from 
said either one station, and reproducing the data 
sequence before spreading by despreading the 
received data sequence by using said selected short 
spread code and said prescribed long spread code, 
at another one station of each base station and the 
mobile station. 

2. The CDMA mobile communication method as 
described in claim 1, wherein said prescribed long 
spread code is a spread code unique to the mobile 
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station or a cell supported by each base station 
which is said either one station, and said plurality of 
prescribed short spread codes are spread codes 
common to cells supported by said plurality of base 
stations. 5 

3. The CDMA mobile communication method as 
described in claim 1. wherein said prescribed long 
spread code is a bit sequence containing a bit pat- 
tern corresponding to an identification number of the 10 
mobile station or a cell supported by each base sta- 
tion which is said either one station. 

4. The CDMA mobile communication method as 
described in claim 1, wherein said prescribed long is 
spread code is generated by setting a bit pattern cor- 
responding to an identification number of the mobile 
station or a cell supported by each base station 
which is said either one station into a shift register 

as an initial value, and shifting said initial value. 20 




834 A1 36 

spread codes and said prescribed long spread code 
respectively, and said another one station 
despreads the received divided data sequences by 
using mutually different ones of said plurality of pre- 
scribed short spread codes and said prescribed long 
spread code, and reproduces the data sequence 
before spreading by composing the despread 
divided data sequences. 

10. The CDMA mobile communication method as 
described in claim 1 , wherein the radio channels for 
making a communication between said each base 
station and the mobile station comprises con- 
trol/communication channels for communicating the 
data sequence which is spread by using said 
selected short spread code and said prescribed long 
spread code, and a perch channel containing a por- 
tion for notifying by spreading a phase data of a 
spread code by which said data sequence is spread, 
by using only said selected short spread code. 



The CDMA mobile communication method as 
described in claim 1, wherein a total number of the 
prescribed long spread codes is greater than or 
equal to a total number of the mobile stations or cells 25 
utilized in said CDMA mobile communication sys- 
tem. 



The CDMA mobile communication method as 
described in claim 1 , wherein a total number of said 
plurality of prescribed short spread codes is greater 
than or equal to a total number of the radio channels 
within a cell supported by said each base station. 
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The CDMA mobile communication method as 
described in claim 1 , wherein said either one station 
autonomously determines said prescribed long 
spread code, and autonomously selects and allo- 
cates said plurality of prescribed short spread codes 
such that a required transmission rate is satisfied 40 
and there is no overlap within an identical cell. 

The CDMA mobile communication method as 
described in claim 1 , wherein said either one station 
spreads the data sequence to be transmitted by a 45 
spread code obtained by multiplying said selected 
short spread code and said prescribed long spread 
code, and said another one station despreads the 
received data sequence by a spread code obtained 
by multiplying said selected short spread code and so 
said prescribed long spread code. 

The CDMA mobile communication method as 
described in claim 1 , wherein said either one station 
divides the data sequence to be transmitted into a 55 
plurality of sequences, and transmits a plurality of 
divided data sequences obtained by spreading the 
divided plurality of sequences by using mutually dif- 
ferent ones of said plurality of prescribed short 



11. The CDMA mobile communication method as 
described in claim 10, wherein each base station 
which is said either one station transmits said phase 
data by the perch channel, and the mobile station 
which is said another one station establishes a chan- 
nel synchronization by generating the spread code 
by which said data sequence is spread, according 
to said phase data received by the perch channel. 

12. The CDMA mobile communication method as 
described in claim 10, wherein the data sequence 
to be communicated by downward control/commu- 
nication channel and an upward control channel is 
spread by using a long spread code determined by 
data containing an identification number given to a 
cell supported by said each base station, and the 
data sequence to be communicated by an upward 
communication channel is spread by using a long 
spread code determined by data containing an iden- 
tification number given to said mobile station. 

13. The CDMA mobile communication method as 
described in claim 1 0, wherein said phase data indi- 
cates a phase of said prescribed long spread code 
which determines the spread code by which said 
data sequence is spread. 

14. The CDMA mobile communication method as 
described in claim 10, wherein said phase data indi- 
cates a number of shifts for an initial value required 
in generating said prescribed long spread code at a 
shift register for generating said prescribed long 
spread code from a prescribed initial value. 

15. The CDMA mobile communication method as 
described in claim 10, wherein in a case of carrying 
out a handover for said mobile station with said each 
base station as a handover source and another base 
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station as a handover target, said mobile station 
obtains a phase relationship data for a phase of a 
long spread code for a transmission signal to be 
transmitted from the mobile station and said phase 
data received by said perch channel from said 
handover target, obtains a time relationship data for 
a timing corresponding to the phase relationship 
data and a timing of said transmission signal, and 
notifies the obtained phase relationship data and 
time relationship data to said handover target, while 
establishing a synchronization of control/communi- 
cation channels transmitted from said handover tar- 
get by generating a long spread code according to 
the phase relationship data, and said handover tar- 
get establishes a synchronization of control/commu- 
nication channels transmitted from said mobile 
station by generating a long spread code according 
to the phase relationship data and the time relation- 
ship data notified from said mobile station. 

16. The CDMA mobile communication method as 
described in claim 10, wherein in a case of carrying 
out a handover for said mobile station with said each 
base station as a handover source and another base 
station as a handover target, said mobile station 
obtains a phase difference Ld between said phase 
data received by said perch channel from said 
handover target and a phase of a long spread code 
for a transmission signal to be transmitted from the 
mobile station, obtains a time difference Td between 
a timing corresponding to said phase data and a pre- 
scribed timing of said transmission signal, and noti- 
fies the obtained phase difference Ld and time 
difference Td to said handover target, while estab- 
lishing a synchronization of control/communication 
channels transmitted from said handover target by 
generating a long spread code according to said 
phase data, and said handover target establishes a 
synchronization of control/communication channels 
transmitted from said mobile station by generating a 
long spread code according to the phase difference 
Ld and the time difference Td notified from said 
mobile station. 

17. The CDMA mobile communication method as 
described in claim 10, wherein said mobile station 
determines whether or not to carry out a handover 
and a handover target according to a reception level 
of the perch channel from a base station other than 
a currently communicating base station. 

18. In a CDMA mobile communication system formed 
by a plurality of base stations and at least one mobile 
station which communicate in a CDMA scheme 
through radio channels, a CDMA mobile communi- 
cation method comprising: 

a step of communicating by spreading each 
one of data to be communicated between a hando- 
ver source base station and the mobile station and 



data to be communicated between a handover tar- 
get base station and said mobile station by using 
both a long spread code and a short spread code; 

a step of carrying out a handover by compos- 
ing data received from the handover source base 
station and data received from the handover target 
base station by adjusting timings at said mobile sta- 
tion; and 

a step of carrying out a handover by compos- 
ing data received from the mobile station at a cell of 
handover source and data received from the mobile 
station at a cell of handover target by adjusting tim- 
ings at each base station or an upper level device 
connected to that base station. 

19. The CDMA mobile communication method as 
described in claim 18, wherein at said step of com- 
municating, downward data are spread by spread 
codes which are different among cells in the hando- 
ver, and which are generated by combining a long 
spread code unique to a cell supported by each base 
station and one short spread code selected from a 
plurality of short spread codes which are common 
to cells supported by said plurality of base stations. 

20. The CDMA mobile communication method as 
described in claim 18, wherein at said step of com- 
municating, upward data are spread by a spread 
code which is identical among cells in the handover, 
and which is generated by combining a long spread 
code unique to said mobile station and one short 
spread code selected from a plurality of short spread 
codes which are common to cells supported by said 
plurality of base stations and identical among cells 
in the handover. 

21. in a CDMA mobile communication system formed 
by a plurality of base stations and at feast one mobile 
station which communicate in a CDMA scheme 
through radio channels, a CDMA mobile communi- 
cation method comprising: 

a step of controlling transmission frames to 
be transmitted through at least one radio channel 
such that a transmission of a data portion is not car- 
ried out for a frame without data to be transmitted, 
in at least one of each base station and the mobile 
station; 

a step of randomly allocating an offset with 
respect to a transmission timing for each channel 
from a plurality of prescribed offset amounts; and 

a step of transmitting said transmission 
frames through each channel at a transmission tim- 
ing with the offset allocated by said step of allocat- 
ing. 

22. The CDMA mobile communication method as 
described in claim 21, wherein said plurality of pre- 
scribed offset amounts are set up in units equal to a 
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length of a portion other than a transmission target 
data in each transmission frame. 

23. A CDMA mobile communication system formed by 

a plurality of base stations and at least one mobile s 
station which communicate in a CDMA scheme 
through radio channels, in which: 

either one station of each base station and 
the mobile station has means for selecting one of a 
plurality of prescribed short spread codes, and 10 
means for transmitting by spreading data sequence 
to be transmitted by using the selected short spread 
code and a prescribed long spread code with a code 
length longer than said short spread code; and 

another one station of each base station and rs 
the mobile station has means for receiving by repro- 
ducing the data sequence before spreading by 
despreading the data sequence from said either one 
station by using said selected short spread code and 
said prescribed long spread code, 20 

24. The CDMA mobile communication system as 
described in claim 23. wherein said prescribed long 
spread code is a spread code unique to the mobile 
station or a cell supported by each base station 25 
which is said either one station, and said plurality of 
prescribed short spread codes are spread codes 
common to cells supported by said plurality of base 
stations. 

30 

25. The CDMA mobile communication system as 
described in claim 23. wherein said prescribed long 
spread code is a bit sequence containing a bit pat- 
tern corresponding to an identification number of the 
mobile station or a cell supported by each base sta- 35 
tion which is said either one station. 

26. The CDMA mobile communication system as 
described in claim 23, wherein said either one sta- 
tion has a shift register for gnerating said prescribed 40 
long spread code by setting a bit pattern correspond- 
ing to an identification number of the mobile station 

or a cell supported by each base station which is 
said either one station as an initial value, and shifting 
said initial value. 45 

27. The CDMA mobile communication system as 
described in claim 23 t wherein a total number of the 
prescribed long spread codes is greater than or 
equal to a total number of the mobile stations or cells so 
utilized in said CDMA mobile communication sys- 
tem. 

28. The CDMA mobile communication system as 
described in claim 23, wherein a total number of said ss 
plurality of prescribed short spread codes is greater 
than or equal to a total number of the radio channels 
within a cell supported by said each base station. 



29. The CDMA mobile communication system as 
described in claim 23, wherein said either one sta- 
tion autonomously determines said prescribed long 
spread code, and autonomously selects and allo- 
cates said plurality of prescribed short spread codes 
such that a required transmission rate is satisfied 
and there is no overlap within an identical cell. 

30. The CDMA mobile communication system as 
described in claim 23, wherein said means for trans- 
mitting in said either one station spreads the data 
sequence to be transmitted by a spread code 
obtained by multiplying said selected short spread 
code and said prescribed long spread code, and 
said means for receiving in said another one station 
despreads the received data sequence by a spread 
code obtained by multiplying said selected short 
spread code and said prescribed long spread code. 

31. The CDMA mobile communication system as 
described in claim 23, wherein said either one sta- 
tion divides the data sequence to be transmitted into 
a plurality of sequences, and transmits a plurality of 
divided data sequences obtained by spreading the 
divided plurality of sequences by using mutually dif- 
ferent ones of said plurality of prescribed short 
spread codes and said prescribed long spread code 
respectively, and said another one station 
despreads the received divided data sequences by 
using mutually different ones of said plurality of pre- 
scribed short spread codes and said prescribed long 
spread code, and reproduces the data sequence 
before spreading by composing the despread 
divided data sequences. 

32. The CDMA mobile communication system as 
described in claim 23, wherein the radio channels 
for making a communication between said each 
base station and the mobile station comprises con- 
trol/communication channels for communicating the 
data sequence which is spread by using said 
selected short spread code and said prescribed long 
spread code, and a perch channel containing a por- 
tion for notifying by spreading a phase data of a 
spread code by which said data sequence is spread, 
by using only said selected short spread code. 

33. The CDMA mobile communication system as 
described in claim 32. wherein each base station 
which is said either one station transmits said phase 
data by the perch channel, and the mobile station 
which is said another one station establishes a chan- 
nel synchronization by generating the spread code 
by which said data sequence is spread, according 
to said phase data received by the perch channel. 

34. The CDMA mobile communication system as 
described in claim 32, wherein said either one sta- 
tion spreads the data sequence to be communicated 
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by downward control/communication channel and 
an upward control channel by using a long spread 
code determined by data containing an identification 
number given to a cell supported by said each base 
station, and spreads the data sequence to be com- 
municated by an upward communication channel by 
using a long spread code determined by data con- 
taining an identification number given to said mobile 
station. 

35. The CDMA mobile communication system as 
described in claim 32 t wherein said phase data indi- 
cates a phase of said prescribed long spread code 
which determines the spread code by which said 
data sequence is spread. 

36. The CDMA mobile communication system as 
described in claim 32. wherein said phase data indi- 
cates a number of shifts for an initial value required 
in generating said prescribed long spread code at a 
shift register for generating said prescribed long 
spread code from a prescribed initial value. 

37. The CDMA mobile communication system as 
described in claim 32, wherein in a case of carrying 
out a handover for said mobile station with said each 
base station as a handover source and another base 
station as a handover target, said mobile station fur- 
ther has means for obtaining a phase relationship 
data for a phase of a long spread code for a trans- 
mission signal to be transmitted from said mobile 
station and said phase data received by said perch 
channel from said handover target, means for 
obtaining a time relationship data for a timing corre- 
sponding to the obtained phase relationship data 
and a timing of said transmission signal, and means 
for notifying the obtained phase relationship data 
and time relationship data to said handover target, 
and said mobile station establishes a synchroniza- 
tion of control/communication channels transmitted 
from said handover target by generating a long 
spread code according to the phase relationship 
data, while said handover target establishes a syn- 
chronization of control/communication channels 
transmitted from said mobile station by generating a 
long spread code according to the phase relation- 
ship data and the time relationship data notified from 
said mobile station. 

38. The CDMA mobile communication system as 
described in claim 32. wherein in a case of carrying 
out a handover for said mobile station with said each 
base station as a handover source and another base 
station as a handover target, said mobile station fur- 
the has means for obtaining a phase difference Ld 
between said phase data received by said perch 
channel from said handover target and a phase of a 
long spread code for a transmission signal to be 
transmitted from said mobile station, means for 



obtaining a time difference Td between a timing cor- 
responding to said phase data and a prescribed tim- 
ing of said transmission signal, and means for 
notifying the obtained phase difference Ld and time 

5 difference Td to said handover target, and said 

mobile station establishes a synchronization of con- 
trol/communication channels transmitted from said 
handover target by generating a long spread code 
according to said phase data, while said handover 

w target establishes a synchronization of control/com- 
munication channels transmitted from said mobile 
station by generating a long spread code according 
to the phase difference Ld and the time difference 
Td notified from said mobile station. 

15 

39. The CDMA mobile communication system as 
described in claim 32. wherein said mobile station 
further has means for determining whether or not to 
carry out a handover and a handover target accord- 

20 ing to a reception level of the perch channel from a 
base station other than a currently communicating 
base station. 

40. A CDMA mobile communication system formed by 
25 a plurality of base stations and at least one mobile 

station which communicate in a CDMA scheme 
through radio channels, in which: 

each base station and the mobile station 
have means for communicating by spreading each 

30 one of data to be communicated between a hando- 
ver source base station and the mobile station and 
data to be communicated between a handover tar- 
get base station and said mobile station by using 
both a long spread code and a short spread code; 

35 said mobile statio further has means for car- 

rying out a handover by composing data received 
from the handover source base station and data 
received from the handover target base station by 
adjusting timings; and 

40 said each base station or an upper level 

device connected to that base station further has 
means for carrying out a handover by composing 
data received from the mobile station at a cell of 
handover source and data received from the mobile 

45 station at a cell of handover target by adjusting tim- 
ings. 

41. The CDMA mobile communication system as 
described in claim 40, wherein said means for com- 

so municating spreads downward data by spread 
codes which are different among cells in the hando- 
ver, and which are generated by combining a long 
spread code unique to a cell supported by each base 
station and one short spread code selected from a 

55 plurality of short spread codes which are common 
to cells supported by said plurality of base stations. 

42. The CDMA mobile communication system as 
described in claim 40, wherein said means for com- 
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municating spreads upward data by a spread code 
which is identical among cells in the handover, and 
which is generated by combining a long spread code 
unique to said mobile station and one short spread 
code selected from a plurality of short spread codes 5 
which are common to cells supported by said plural- 
ity of base stations and identical among cells in the 
handover. 

43. A CDMA mobile communication system formed by 10 
a plurality of base stations and at least one mobile 
station which communicate in a CDMA scheme 
through radio channels, having: 

means for controlling transmission frames to 
be transmitted through at least one radio channel is 
such that a transmission of a data portion is not car- 
ried out for a frame without data to be transmitted, 
in at least one of each base station and the mobile 
station; and 

means for transmitting by randomly allocating 20 
an offset with respect to a transmission timing for 
each channel from a plurality of prescribed offset 
amounts. 

44. The CDMA mobile communication system as 25 
described in claim 43, wherein said means for trans- 
mitting sets up said plurality of prescribed offset 
amounts in units equal to a length of a portion other 
than a transmission target data in each transmission 
frame. 30 
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FIG. 14 



(CONSTITUENT ELEMENTS OF LONG CODE FOR DOWNWARD 

CONTROL CHENNEL & DOWNWARD COMMUNICATION CHANNEL) 
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FIG.21 



<At a time of establishment of transmitting & receiving communication 
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FIG. 22 
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